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COMPLETE SPECmCATION 
Improvements in or rdating to Phenol Production 



We, The Distttj^ttr.s Company 
LrkCTEHD, a Britisb Company, of 12, 
Torpicben Street, Edinbnrg^h, 3, Scotland, 
Assignees of iiao Olavi I^kko and 
6 EicHABD Staio-ey Qeorgb, both Citizens 
of the ITnited States of America, of 3200, 
West Second Street, City of Wilmington, 
State of Delaware, and Centerville £oad, 
H.D. Ko. 1, City of Wilmington, State 

10 of Delaware, ITnited States of Anierica, 
do bereby declare tbe natnre of this 
invention and in wbat manner tbe same 
is to be performed, to be- particularly 
described and ascertained in and by tbe 

16 following statement; — 

Tbis invention relates to a process for 
the conTGrsion of allyl - substituted 
aromatic organic compounds baving the 
structural formula: — 

20 Aiv-J)— H 

i 

to pbenols. In tbe structural formula Bj 
and Es represent alkyl groups and Ar 
represents an aryl or alkaryl group. More 
particularly, tbe invention relates to a 

25 continuous proceas for the conversion of 
compounds sucb as cumene to pbenols. 

Tbere bave been numerous processes 
developed for tbe purpose of producing 
phenols synthetically due to ibe fact thai 

30 the demand for pbenols, sucb as tbe 
cresols and pbenol itself far exceeds tbe 
amount wbicli may be recovered in the 
refining of coal tar. Only a limited num* 
ber of the processes for ibe preparation of 

85 phenol have proved sufficiently satis- 
factory to be applicable to commerda] 
production. One of these involves the 
sulphonation of benzene . and the for- 
mation of sodium benzene sulphon- 

40 ate which is fused with sodium 
phenolate. The phenolate upon acidifica- 
tion yields phenol, which may be pnri- 
fied by distillation. However, probably 
the most widely used commercial process 

46 today for the preparation of phenol is tJiat 

[Prfc# 2/8] 
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of hydrolyzing chlorobenz^e with 
agueous sodium hydroxide under con- 
ditions of high temperature and pressure 
to produce sodium phenolate, which then 
is acidified to give phenol. The chloro- 
benzene n;ay be prepared either by^ direct 
chlorination of benzene or by oblorination 
with a mixture of hydrogen chloride and 
oxygen. ^ 

Even those processes which have been 
adapted to commercial production of 
phenol are not entirely satisfactory. Thev 
require large equipment inyestment and 
installation to provide facilities for the 
raw materisds used, and they must be 
operated on the basis of large production 
capacity in order to produce phenol at a 
rea4onal>le price. In addition, the pro- 
cesses are disadvantageous because of the 
many steps involved, the deterioration of 66 
equipment due to the use* of corrosive raw 
materials, and the considerable problem 
of disposal of waste waters contuainated 
with phenol. 

In our copending Application Number 70 
32604/48 (Serial JTo. 676,772) we have 
described and claimed a process for pro- 
ducing certain tertiary ' organic hydro- 
peroMdes by intimately contacting altyl- 
substituted aromatic organic compounds 75 
having the struetiu^ formula: — 

. . i 

in which Hi and represent aliyl groups 
and Ar represents an aryl or alkaryl group 
in liquid phase with an oxygen certain- HO 
in^ gas in the presence of a peroxidic 
oxidation initiator in the manner set forth 
in the first step of the present process. 

In our copending Applica"Kon Number 
32601/48 (Serial No. 676,771} we have 85 
described a process of preparing phenols 
by contacting the above-described ter- 
tiary organic nydroperoxides with a cala- 
lyst capable of decomposing the hydro- 
peroxides in non-aqu^us medium in the 90 
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manner set forth in the second step of -Hie 
present process- 
In the proems of the present invention 
the imreacted aliyl-sabstitnted aromatic 

5 oreanic compound is separated from the 
otn^ components of the r-eaction mixture, 
jHirified and recycled baci to the ozida- 
tion step. Thns, there is provided a con- 
tinuons process of producing a phenol 

10 from an al^l-substitated aromatic 
organic componizid. ' 

Now in accordance with, this invention, 
it^ has ^ been fotrnd that phenols and 
aliphatic ketones may be prepared aimply, 
15 eflSciently, economically and simnl- 
taiieoiisly from an sifeyL .substitttted 
aromatic oompouiLd:"of the foimnla: — 
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in which and riepresent a&yl groups 
^ and, Ar represents an axyl or alkaryl gronp 
by adding a peroxidic ifoe-radica-1 liberat- 
ing, .iniidator to said- organic compo'ond, 
contacting the mixtnr© in fh^ liquid phase 
under anhydrous conditions with a mole- 
cular oxygen contaijim^ gas to obtain an 
or,^nic hjrdroperosidei contacting the 
hydroperoxide coiitaining reaction ..mis;- 
ture nnder substantially anhydrous con- 
ditions' with decomposition, agent' as 
hereinafter defiiied;*!s©paTOting in fcuown- 
manner th© aliphatic ketone/ phenol and 
unreacted aJijrl-sxibstituted aromatic com- 
pound, purifying .'said nhreacted aromatic 
compound find recycliog the purified' com- 
pound . to ther . -(nidation stage. . .By 
'* Iniown manner " is. TLndersiood "any 
method which has been described in the 
literature or would l)6.tnown-to the skilled 
chemist to be suitable for the separation 
40 of phenol and aliphatic ketone from such 
hydrocarbons. 

The present process is straightforward 
and is free from all the disadvantages con- 
nected with the other processes discussed. 
45 In addition to prbduciag phenols, the pro- 
cess at the same tim& produces aliphatic 
ketones as valuable products. . This also 
is in contrast to previous processes for 
preparing phenols. ~ 

In carrying out l^e" process, of this 
invention, a j)eiroxidio oxidation iijitiator 
such as a,cKdimethylbenzyl hydroperdixi3e* 
is added to cumene, fox example, con- 
tained in an .o±idation unit, .and. the . 
reaction mixture is 'agitated vi^orcnisly 
while a streajn.of ' air' or oxygen as eimuf- 
taneously passed thro'ugli the reaction 
mixture. The. oxidation is carried out at 
a temperature, for example, between 
60 about 50' and about. 100" 0. uuta stan- 
dard analytical data indicate that 8n£- 
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cient conversion of the oumene to a^w* 
dimethylbenzyl hydroperoxide has taken " 
place. The oxidation reaction mixture, 
.which contains the a,<*-dimethylbenzyl 65 
hydroperoxide and some unreacted 
cumene, then may be transferred,, with or • 
without first stripping the mixture of some 
of the oumene, to a- reactor which is 
charged with^ a decomposition catalyst 70' 
Bttch as an acid-treated oentonite. The 
oxidation reaction mixture is brought into 
contact with the catalyst at a tempera- 
ture of about 20° C, for examplej and by 
SO doing the a,a-dimethylben2yl hydroper- 75 
oxide is decomposed to phenol and acetone. 
Through use of suitable condensation and 
distillation units the phenol, acetone and 
unreacted cumene are separated from each 
othe?^, and -the recovered- cumene is re- 80 
cycled -to- the oxidatiGn unit for ..further 
oxidation, after first being purifie2 of any 
tri9^e^._df. phenol, since lie presence of 
even minute amounts of .phenol in the 
cnaipiene .will^ retard the oxidation of the 86 
latfer, ~ This purification of the ?^cyele 
dumene is 'acconipli&hed either "by a -very 
efficient separation dxuring.the original 
distillation in which- the cumene' and 
phenol aire separated from each other, or 90 
by a subsequent disfciUaiion of the original 

cumene di^late. ' ■ • " . ' *^ ^ 

.The . following- examples -constitute 
specific illustrations of the embodiments 
of the invention gmerally outlined above. 05 
All amounts are based on parts by weight. 

Es^MPEB-l. 

The equipment used in this process was 
composed mainly of 2 units, one for the 
oxidation and the "other for the decompo- 100 
sdtion readtion. Both units were con- 
structed of stainless steel and each reactor ' 
was fitted wiiit suitable condensation aid 
agitatibh units. In addition, the decom- 
position reactor was equipped with a dis- 105 
tillation unit for sepaianon of the com- ■ 
ponents_^ of. tiie decomposition reaction. 
The oxidation reactor was charged with 
502 parts of cumene. and there then was 
added, to the cumene 8g parts of oxidized 110 
cuinene from a previous run, this <mdi2ed 
cumene containing 46.3% of a,a-dimethyl- 
benayl hydroperoxide. IJie-reaction mix- 
ture "was brou^bt-Jo-a-tfemperature of 90' 
G*.; "tEea^'^a^gen was introduced into the 115 
reacttor.at the rate of about 200 cc./min./ 
i^.-. of cumene. Samples were taten at * 
periodical intervals for" refractive index 
and hydroperoxide determinations, the - 
hy^droperoxide content of tiie oxidized oil' 120 
being^ defermined by .adding a sample of 
the oil to acidified pobissiiiin iodide and 
noting the amount of iodine liberated. At 
theenid of 46,5 hours the oxidized oils had 
a refractive index which indicated a con- 125 



BEST AVAILABLE COPY 



676,770 



version of approximately 51.1% of cumene 
to oxidized materials and tie hydroper- 
oxide content was 50.7%. This oxidation 
reaction mixtnre then was transferred to 
5 the decomposition reactor which contained 
11.2 parts of montmorillonite. The tem- 
perature of the reactor and it contents 
was brought to 100" C. At the end of 3.5 
hours the hydroperoxide had decomposed 
10 to the extent of 69% and at the end of 7 
hours 82%. Upon completion of the reac- 
tion the reaction mixtore was passed 
through a filter bed to remove the mont- 
morillonite cafal3[Bt and the reaction miz- 
15 tnre then was stripped of acetoae and the 
remaining product distiUed at a pressure 
of about 150 mm. of mercury usin^ a re- 
flux ratio of about 5:1. By this^stilla- 
tion the phenol and unreacted cmnene 
were efficiently separated. The recovered 
cumene was free of phenol and was re- 
cycled to tiie oxidation reactor for further 
oxidation in combination with additional 
fresh cumene. lie amount of phenol 
Zo recovered by the distillation was 93% of 
the theoretical amount based on the 
amount of hydroperoxide originally 
present. 

12XA3£PI£ 2. 

Jl) TTsinff the apparatus described in 
iixample 1, 600 parts of cumene (refrac- 
tive index at 20' C. 1.4905) to which was 
added 30 parts of oxidized cumene from 
a previous run, this oxidized cumene oon- 
85 tainiUjg 60% of a,a-dimethylbenzyl hydro- 
peroxide, was oxidized at 50* C. using air 
at the rate of about 335 cc./min./kg. of 
cumene. When the oxidized oils had a re- 
fractive index of 1.4990, this indicatinf? 
40 a conversion of approximately 27.3% of 
the cumene to oxidized materials, the reac- 
tion mixture was transferred to the reac- 
tor in which the -decomposition was carried 
out. The oxidized oils contained 25.9% of 
it a,a-dimethylbenzyl hydroperoxide. In the 
decomposifion reactor there then was 
added to the oxidized oils a solution of 
18.1 parts of anhydrous ferric chloride dis- 
solved in approximately 837 parts of 
50 anhydrous cumene. Immediate reaction 
occurred and at the end of 15 minutes the 
hydroperoxide was completely decomposed 
as indicated by withdrawing a sample of 
the reaction mixture and testing for 
56 hydroperoxide content by washing- the 
sample with aqueous sodium hydroxide to 
precipitate the iron, filtering, adding the 
filtrate to acidified potassium iodide, and 
noting the amount of iodine liberated. 
60 The reaction mixture was worked up as in 
Example 1 and the yield of phenol was 
98% of the theoretical based on the amount 
of hydroperoxide originally present. As 
in Ikample 1» the recovered cumene was 
56 recycled to the oadation unit. 



'Fly^ >ppT«Fr 3. 

The same type of apparatus as used in 
Example 1 was utilised in the present 
example with the exception that ^e oxi- 
dation reactor was constructed of nictel. 70 • 
To the oxidation reactor was charged 
oOOO parts of cumene to which 207 parts of 
oxidised cumene containing 72.4% of 
a,a-din^ethylbenzyl hydroperoxide had 
been added. Oxygen was passed through 75 

Aoi?""" ^^e for 12 hours at u rate 
of 0.02^ 6 ou. ft./min./hg. of cumene. Dur- 
ing the oxidation the temperature within 
the reactor was maintaned at 120" C and 
the pressure at 60 lb. /sq. in. At the end of 80 
1^ hours there was obtained 5984 parts of 
a crude reaction product which contaiaed 
33.4% a,o-dimethylbenzyl hydroperoxide. 
Tlus reaction product then was trans- 
ferred to the decomposition reactor which 85 
eontaoned 38 parts of an acid-lreated 
bentonite suspended in 500 parts of anhy- 
drous benzene. The oxidation reaction pro- 
duct was gradually added to the suspen- ^' 
sion of the catalyst. During the resulting 90 
decomposition reaction the reaction mix- 
tHt maintained at a temperature of 
0** C. and the pressure within the reac- 
tion vessel at 190 mm. The reaction was 
complete with 100% decomposition of the 95 
hydroperoxide in 20 minutes. The de- 
composition reaction mixture then was 
passed through a filter bed to remove the 
bentonite catalyst and the filtrate dis- 
tilled at a pressure of 15 mm. Hie yieldlOO 
of phenol recovered by the distillation 
was 94.8% of the theoretical based on the 
amount of a,a-dimethylbenzyl hydroper- 
oxide originally present. There also was 
obtained, based on the hydroperoxide, a 106 
yield of acetone which was 95% of the 
theoretical, this product beings recovered 
from the condensation units with which 
t]ie ..:lecomposition reactor was equipped. 
As a result of the distillation the un^jLlO 
reacted cumene was obtained free of 
phenol and was recycled to the oxidation 
umt. 

EkahpiiB 4. 
ITsing the ajjoaratus described in 115 
Example 1, the oxiaation unit was charged 
with 502partsof cumene (refractive index 
at 20* C. 1.4912), 38 parts of oxidized 
cumene containing 46.3% a.a^methyl- 
benayl hydroperoxide and 7.6 parts of 120 
sodium 7ir-butoxide. Oxyg^ was passed 
into the solution at a rate of about 200 
cc./min./kg. of cumene. He reaction 
^ earned out at a temperature of 90" C. 
When the refractive index of the reaction 125 
mixture reached a value of 1.5076 the 
reaction product was transferred to the 
decomposition reactor. The amount of 
a,a^imethylbenzyl hydroperoxide was 
ol.8% and the .total conversion was 57%. 130 
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To the oxidatioa reaotioa misture iSiere 
Tras tien added at 20* C. a solution of 27 
parts of toron trifinoride-etlierate di&- 
solred in approximately 900 parts of anHy- 
5 (Irons cnmene. Lnnaediate reaction 
occurred and the temperature of the reac- 
tion rose. At the end of 15 minutes a 
sample of the reaction mixture was with- 
drawn and tested for hydroperoxide con- 

10 tent. Ko hydroperoxid© remained in the 
reaction mixture. TTpon working up the 
reaction mixture as descrihed in Example 
1, phenol was obtained in an amount 
which was 85% of the theoretical yield 

1$ based on the amount of hydroperoxide 
originally present. 

ExAMPMJ 5. 

Usin^ an apparatus similar, to that of 
EtsampLB 1, the apparatus was ^ charged 

"2Q with 575 parts of cnmene (refractive index 
at 20" a =1.4926). To the cumene was 
added 25 parts of oxidized cumene con- 
taining 80% of a,a^iimethylbenzyl hydro- 
peroxide. There also was added 1 part of 

25 sodium hydroxide pellets. The reaction 
mixture was brought to a temperature of 
90** C. and oxygen was p^tssed through the 
Tuixtore at a rate of about 175 cc./min./ 
kg. of Qumene. At the end of 3$ liours the 

30 reaction mixture had a refracti-^e index 

• of i.5023, this indicating a conversion of 
approximately 38.7% and the hydroper- 
oxide content was 34.4%. The oxidation 
was continued for a total of 41 hours 

85 elapsed timo, at . the end of which the 
reaction product, had a refractive index 
of 1.5091, this indicating a convepsion of 
about 61.8%. The hydroperoxide content 
was 53%. The oxidauon reaction mixture 

40 then was transferred to the decomposition 
unit which was charged with 200 parts of 
an acid-treated ben^nite. The* oxidation 
reaction mixture was slowly dropped on 
the bentonite which was heated to a tem- 

45 peofatore of 360° C. The pressure in the 
system was maintained at 36 — 44 mm. 
Distillation of the material collected in 
the condensation units resulted in a yield 
of phenol which was 69.8% of the 

BO theoretical. 

Tj^TTA-vrpT^-q 6. 
The apparatus of example 1 was util- 
ized and to the oxidation unit were added 
400 parts of diisopropylhenzene and^ 2 

55 parts of benzoyl peroxide. The reaction^ 
mixture was heated to 90* C. and oxygcai 
was passed through the miztore at a rate 
of 250 cc./min./kg. of diisopropylben- 
zene^ When the refr&ctiYe index reached 

68 a value of 1.4939 the reaction i)roduGt was 
transferred to the. decomposition unit. 
The reaction product contained 17% 
of a,a,a^,a*-t6ixamethyl-p-xylylene di- 
hydroperoxide. To lie oxidation reaction 

It mixture there, then was added 4.2 parts 



of an acid-lreated bentonite. The reac- 
tion mixture was stirred at 20° C. for 1.5 
hours, then heated slowly to 76** C. oyer 
a period of 7 hours. During this period 
there were added to the reaction mixture 70 
3 additional portions, 3 parts each, of the 
acid-treated bentonite catalyst. At the 
end of this time the dihydroperoxide had 
decomposed to the extent of 84.8%. The 
reaction mixture was passed through a 7.5 
filter bed to remove the catalyst, then the 
filtrate was stripped of the benzene, aee- 
tonCj and a portion of the unreacted diiso- 
propylbenzene. The remaining material 
was distilled a,t a pressure of 1.0 mm., W 
there being obtained hydroquinane in a 
yield whicA. was 65% of tiie theoretic^ 
based on the amount of dihydroperoxide. 
The combined portions of recovered diiso- 
propylbenzene were redistilled, then the W 
uiified material was recycled to the oxi- 
ation unit. 

!E/XA2IPUB 7. 
Utilizing the apparatus described in 
Example 1 and following the procedure of 80 
Example 6, 400 parts of jM^ymene to 
which, bad been added 4 parts of f-butyi 
hydroperoxide was oxidized untiL the re- 
action product had a refractive index of 
1.4960. This reaction product contained 9S 
10% a,a-dimetiiyl-y-methylbenzyl hydro- 
peroxide. After being transferred to the 
decomposition unit, lie oxidation reaction 
product was brought into contact with a 
suspension of 1.7 parts of an acid-treated 100' 
bentonite in 40 parts of anhydrous ben- 
zene. The initial temperature and pres- 
sure were 24" 0. and 760 mm. The rate of 
"reaction was increased by lowering the 
pressure to 100 mm. and raising the tem- 105 
peratore to 38** C. Upon completion of 
the decomposition reaction, the reaction- 
mixture was distilled at a pressure of 12 
mm. The yield of p^cresol recovered by the 
distillation was 81% based on the amount 110 
of ia,aHKme^thyl-23sniethylbenzyl Ihydro- 
peroxide originally present. The jp-cymene 
recovered by the distillation was given a 
wash, witii a smdl amount of 10% aqueous 
sodium hydroxide in order to remove 115 
traces of p^esoL ASt&r being dried the 
purified p-cymene was recycled to thi* 
oxidation unit. ^ . " ' 

TJsing the apparatus of Example 1, IS?)- 
cumene was cofifinuoualy fed into., the'" 
oxidation unit, the amount of cum^oe in 
the unit being maintained at tiie level of 
about 5000 jparts by weight. Within the 
xmit this oxidation was carried out con- 125 
tinuously, using oxygen as-ihe oxidizing 
agent, at a temperature o^ 120** C. and a 
pressure* of 60 Ib./sqT in. The flow of 
oxygen through the* reaction mixture was 
mainlined at 5.0276 cxl ft./min./kg. of 130 
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cTimene, The oxidatioxi. reaction originally 
waa initiated by addition of 200 parfe of 
oxidized cumene containing 75% of a,a- 
dimethylbenzyl hydroperoxide to ike 
§ original charge of 5000 paj-ts of camene. 
No further addition of initiator was neces- 
sary as long as the oxidation was main- 
tained in operation. After the oxidation 
reaction once hwi been started and the 
10 amount of a,a-dimethylbenzyl hydroper- 
oxide had reached the level of about 30% 
by weight based on the total charg:e, th« 
hydroperoxide content was maintained iit 
this level and a portion of the reaction 
15 product continnonsly withdrawn into the 
decompositrpn unit. Within the decom- 
position unit the pressure was maintained 
at 200 nun. Simultaneously with the in- 
troduction of the oxidation reaction pro- 
20 duct, there was fed into the decomposi- 
tion unit a dnny of an acid-treated oen- 
tonite in cumene, the amount of the 
bentonite catalyst being about 2% based 
on the amount of hydroperoxide being in- 
25 tpoduced. The -decomposition was carried 
out continuously by this procedure, the 
h^t of reaction being sufficient to main- 
tain the temperature at the desired leveL 
The catalyst was constantly removed 
SO from the cumene slurry by means of cen- 
tnfuging, the acetone was recovered from 
the condensation units, ajid the phenol- 
unrtticted cumene^ reaction mixture was 
oontinuously fed into a distillation unit 
35 which was operated at a pressure 150 mnu 
and a reflux ratio of 5. The cumene re- 
covered from ^ the distillation was fed 
back to the oxidation unit as part of the 
cumene utilized to maintain the oxida- 
iO tion unit in constant operation. The 
phenol obtained from the distillation of 
the phenol-unreacted cumene mixture was 
subjected to additional distillation under 
a pressure of 100 mm. and using a reflux 
4§ ratio of 3. The overall yield of phenol 
was 95% of tKe theoretical based on the 
amount of cumene. On the same basis the 
yield of acetone was 93.5%. 
Although the examples have set forth 
50 the use of cumene, j?-cymene.4ind diiso- 
propylbenzene as the materials to which 
the oxidation has been applied, other com- 
pounds having the structural formula 
previously set forth for the alkyl-substi- 
55 tuted aromatic organic compounds may be 
utilized. Exemplary of such are *ec-butyl- 
benzene, 2>.6tnylisopropylben2ene, and 
isopropylnaphthalene. The main- require- 
ment for the compounds wbich may be 
6U <mdized in accordance with this inven- 
tion is the presence of a tertiary carbon 
atom carrying a hydrogen atom as its 
fourth substituent. As shown by the struc- 
tural formula, the carbon atom is ierti- 
•5 ai|y because itt is djire<^7 connedted to 



three other carbon atoms contained in the 
groups represented by and Ax. The 

aryl and alkaxyl groups need not be 
derived from benzene as is the -case in p- 
cymene, cumene, diisopropylbenzen, and To 
«6€?-butylbenzene. Compounds containing 
aromatic nuclei such as those derived from 
naphthalene, anthracene and phenan- 
threne also are operable, but these com- 
pounds, being solids, must be dissolved 76 
in a suitable solvent, sneh as benzene, dm*, 
ing the liquid phase oxidation. In addi- 
tion, the aryl group may be substituted 
with alkyl groups, as illustrated 1^ the 
methyl group in g-cymene and Hke iso- 80 
propyl group in diisoprcpylbenzene, and 
the groups maj, for example, be methyl, 
ethyl, propyl, isopropyl, butyl isobutyl, 
secondary butyl or tertiary butyl. The 
alkyl groups, as represented by Ei and IL 85 
in the structural formula, also need Mt 
be limited to the methyl groups of 
cymene, cumene, and diisoprop^benzene. 
Other alkyl groups, such as those previ- 
ously indicated as suitable for substitu- 90 
tion in the aryl groups, may be utilized, 
and Ri and B.^ be either the same or 
diiferent. 

The examples have set forth the use of 
molecular oxygen and air as the oxyge^i- 95 
containing gas^ but the oxygen may be 
furnished alsa m mixtures of oxygen with 
nitrogen or other inert gases. Oxygen^ 
when Tised alone, may be in the form of 
pure or commercial oxygen. Air may be IQU 
utilized as it is readily available, but it, 
as well as the molecular oxygen or oxy- 
gen-inert gas mixtures, shouM be dry. 
Furthermore, it is advisable, but' not 
necessary, to wash the air with a caustic 
solution in order to remove carbon dioxide. 
The rate of input of the oxygen-containing 
^as may vary within a wide range, depen£ 
ing on the concentration of oxygen in the 
^s, the pressure at which the oxidaKon HQ 
is carried out, and the efficiencj- of dis- 
persion. In general, at atmospheric pi«s- 
sure the rate of input will vary from ailrout 
one liter to about lOO liters per houp per 
kilogram of the alkyl-sub&tituted aromatic 115 
organic compound^ a prefeiible range on 
tW basis being from about 5 to about 25 
liters per hour per kilogram. At super- 
?;^ospheric pressures, for sample, 5D to 
200 pounds per square inch, the rate of ion 
input m^ay be from about 50 to about 350 
liters per hour per kilogram of the idkyl- 
Bubstituted aromatic organic compound, 
a preferable range being fron^ about 50 
to about 280 liters per hour per kilogram. 125 

One of the essential features of the 
process of iJiis invention is the step of 
carrying out the oxidation in the presence 
of a peroxidic friee-radical oxidation 
initiator such, as a tertiary organic hydro- 130 
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peiozide hsTins thd^sbnctnral foimTila 

as preyiously desciibed. As indicated by 
the structural formula of these hydroper- 
^ oxides^ the same limitations as to suosti- 
tu^t groups apply, as ia .the case of the 
structural JoTmula representijig iie aliyl- 
suhstituted aromatic organic compounds 
whidi may be ozidized. lu olier words, 
10 tkese hydroperoxides which may be used 
as inifiators in tihe process of this invea- 
tion are the hyHroperoyy derivatives 
obtained by the oxidation of iie aUryl- 
substituted aromatic or^nic compounds 

15 previoudy described. . KxfiTDplaxy of these 
hydroijeroxides which, may be utilized in 
initiating^ the oxidation process of this in- 
vention are a,a-dimet3iyTbenzyl hydroper- 
oxide, obtained .by. the oxidation of 
20 cumene, a,a - dimethyl-^methylbenzyl 
hydroperoxide, obtained by the oxidation 
of j?-cymene, a,a-diinethyl-27i-isopropyl- 
benzyl nydxoperoxide and a,a, a^,a^-tetra- 
methyl-^?-xyl^en& dihydroperoxide, both 

25 obtained by the o^idalion of ^diiso- 
propylbenzene, and a,a-dimethylnapli- 
thylmetib.yl hydroperoxide obtained by 
th.e oxidation oJE isoprojpj^lnaphthalene. 
These hydroperoxide initiators, which. 

30 may be named as a,ct-dialtylarylmethyl 
hydroperoxides, may be added to the com- 
pound ieiii^ oxidized in the form of the 
pure hydroperoxide but, as shown by the 
examples, it is^advantaffeous also to add 

35 the hydroperoxides in me form of those 
hydroperoxide-rich oils obtained from a 
previous oxidation. Tlxe concentration, of 
t^Le Kj^droperoxid^ in the hydropeioxide- 
lick^ oils may be increased, however, by 

40 removing some of the iydrocarbon initi- 
allv oxidized, by fractional or steaan dis- 
tillation.^ . . 

In addition, however, to tie above-des- 
cribed initiators, whidi preferably are 

4§ utilized because they are tit© tji&.of 
hydroperoxide obtained ia the oxidation 
process of this invention, there may be 
used iany peroxidao Bubatence wihdci,is.. 
capable of initiating a free radical oxida- 

50 tion chain xmder the conditions utilized. 
In general, there' therefore may be used 
any organic pero^de, hydroperoxide or 
other peroxidic compound capable of de- 
convposin^ to form, organic free radicals. 

55 Illustrative of such peroxidic mjaterials 
are acetyl peroxide, benzoyl peroxide, tri- 
phenylmethyl peroxide, ^-butyl peroxide, 
t-butyl hydroperoxide, ^^omyj hydroper- 
<mde, diphenylmethyl hydroperoxide, 

60 tetralin hydroperoxide, triphenybneiSiyl 
hydroparaaide^ . diin^Hilycyclopenlyl. 



hydroperoxide, methylcyclohexyl hydro- 
peromie, cyclohexeae hydrop^oxide, and 
naph'Qxene nydroperoxides. These perox- 
idic materials therefor© include the acyl, 65 
axoyl, dialiyl, and diaralkyl peroxides, 
and the aliyl, araJiyl, cydoaliyl and 
cycloalfcenyl hydroperoxides- Other free 
radical initiators, such as hexaphenyl- 
etiiane, which are converted^ into perox- 70 
idic materials during the oxidation pro- 
cess of this invention, also are operaWe. . 

The concentration of the peroxidic initi- 
ator may be varied oyer a fairly broad 
range. Using the hydroperoxides in:a- 76 
pared during the proce^ of this invention 
as an example, if the hydroperoxide is 
furnished in the form of a hydroperoxide- 
rich oil, the amount of oil may vary from 
about 1 to about 5Q%, based on the altyl- 80 
substituted aromatic orgaiiic compound, 
but a pref erahle range on this basis is from 
about 2 to about 20%. The amount, of 
hydroperoxide-rich oil necessary will 
depend, of course, upon the concentration 85 
of the hydxopKoidde in the oil. A smaller 
amount of an oil containing a high con- 
centration of hydroperoxide will be neces- 
sary thaoi willbe me case wherein an oil 
containing a low concentration of hydro- 90 
peroxide is used. If a pure or substauti- 
ally puje hydroperoxide is used in initiat- 
ing the oxidation reaction, the ooncentra- 
tion, based on the amount of aliyl-substi- 
tuted aromatic organic compoun^d, may be 95 
varied from about 0,01 to about 20%, a 
preferable range being from about 0.1 to 
about 10%. A particularly applicable 
amount of pure hydroperoxide is about 
S% . "When initiating tiie oxidation of an 10( 
al^l-subsitituted aromadac orgtanic com- 
pound according to the process of this in* 
veniion, it is preferable to use as the initi- 
ator "the hydroperoxide obtained by oxida- . 
tion of the same aromatio oi^anic com- 10* 
pound. For example, in the oxidation of 
cumene, it is preferable to initiate the re- 
action by the addition of a,a-dimethyl- 
benzyl hydroperoxide. However, when "any . 
of the other peroxidic initiators which^ire-lH 
operaJie in Jihe'^a:ocss5T>fr&iff'invenfion 
ace-'utilized, their concentration relative 

the compound being oxidized may be 
the same as that set forth for the preferred 
hydroperoxides. 11 

As shown in Examples 4 and 5, the oxi- 
dation may be carried out in the presence 
of an alkabne stabilizing agent. In general, 
any alValine material may be used which 
does-mot reduce or react with the hydro- 12 
peroxide ' product. The examples hare 
shovm the use of sodium nrhutodde and 
sodium hydroxide, but there abo may be 
used other alhali metal and aUraliue earth 
metal hydroxides^ alhoxides, .and also 18 
salts-of .thsae metahsLwith weal. inorganic. 
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and organic acids. As examples of the temperature wMch should be used at 
alkali metal and alkaline earth metal atmospheric pressure in order to obtain 
hydroxides, there may be mentioned high yields of hydroperoxides and mini- 
sodium hydroxide, potassium hydroxide, mum ketone formation is 100"* C. 
I lithium hydroxide, calcium hydroxide, Temperatures greater than 100 C. 70 
barium hydroxide, strontium hydroxide, may be used, however, in the oxidation, 
and magnesium hydroxide. The alkoxides provided the pressure is increased to 
are represented by sodium methox- greater than atmospheric. Although ele- 
ide, sodium ethoxide, . sodium iso- vation^ of the temperature during tiie 
10 propoxide, sodium-7i-butoxide, and the ocddation to greater than 100** C. will 75 
corresponding potassium, lithium, cal- cause increased decomposition of the 
cium, strontium, barium and magnesium hydroperoxides to ketones., this is off- 
aleoholates. Exemplary of the ^l^fili ^7 . increased rate of 
metal salts of weak inorganic acids are hydroperoxide formation caused by the 
15 sodiimi tetraborate, trisodium ph(»phate, elevation of the j)ressure. In other words, 80 
and potassium carbonate. Examples of proper selection of pressure, tempera- 
alkali metal salts of weak organic acids tares a.bove lOO" C. may be used dm-ing 
are those alkali metal salts of acids which pxidatipn to obtain in shorter lengths 
form soaps, sudi as the higher fatty 9^ time oxidation reaction products hav- 
20 acids, for example, stearic, oleic, palmi- i^ig. hydroperoxide and ketone contents as 85 
tic, lauric, linoleic, ricinoleic, tne oom- desirable a§ those reaction producia 
mercially available mixtures obtained by obtained at a temperature of 100° C. or 
the hydrolysis or saponification of com- ^^^s. The amount of ketone will not be out 
mercial oils and fats; the resin acids or proportion to the amouut of hydroper- 
25 commercial rosins and their modifica- o^de. Using pressure greater than atmos- 90 
tions, such as dihydrcabietic acid, tetra- plieric, the oxidation therefore may be 
hydroabietic acid, dehydroabietic acid, carried out at temperatures between 
hydroxytetrahydrooeitic acid, hydro- about 50* C. and abcut 150* C, a more 
genated rosin, disproportionated or de- desirable range being between about 65° 
30 hydrogenated rosii^ and polymerized and about 140* C, and a particularly 95 
rosin; and the naphthenic acids. advantageous range being betweeGO. about 

The amount of the alkali stabili^dng C. and about 130* C. 
agent which may be used luay, in general, ^p-^ pressures which can be utilized 
be from about 0.1 to about 5%, based on during these oxidations carried out at 
35 die alk-yl-Bubstituted aromatic organic greater than atmospheric pressures are 100 
compound. A preferable range on this Ei^iited only by equipment design. Prom 
basis is from about 1 to about 3%. ^ practical standpoint, pressures from 
The temperatures at which the oxida- atmospheric up to abcoit 50D Ib./sq. in. 
tions are carried out are quite critical in feasible. A preferable ran^e is from 
40 obtainii^ optimum yields of hydroper- aibout 50 to about 200 lb./ sq. in. 106 
oxides. The temperatures which actually Since the reaction is heterogeneous, 
may be used, however^ will depend on the suitable agitation is necessary. It is par- 
pressure existing during the oxidations, ticularly important to bring* the air, oxy- 
TJpon the basis of atmospheric pressure, or other oxygen-containing gas into 
46 the temperature should be in the range of lutimatB contact with tiie liqvid phase, HO 
ab&ut 50* to about lOO* C, a more desir- &^d this may be effected by using high- 
able ran^e being between about 65* and spee^ stirrers, suitable nozzles,* }>orous 
about 90* C.,- and a "paxticularly advan- plates or their combinations, 
tageous range being between ""about 75* The course of the reaction may be fol- 
60 and about 90* C. The minimum tempera- lowed by taking samples at intervals and 115 
ture at 50* C. is necessary siuce the rate' -determining the refractive index of the 
of reaction at, for example, room tern- oily~ material. In the oxidation of 
perature, is to slow to be of commercial cumene, for example, refractive index 
significance in the process of this inven- values between about 1.5020 and about 
16 tion. On the other hand, if the tempera- 1.5145 indicate that about 40 to about 120 
ture during oxidation is too high, the 80% of the original organic material has 
reaction occurs in such a manner as to been oxidized and the reaction then is 
result in the formation of considerable advisably interrupted. Conversions from 
by-products. There may be, for example, about 40 to about 70% can easily be 
60 an excessive amount of ketone formed, obtained in the process of this invention 125 
In the case of cumene, for example, oxi- and high hydroperoxide yields may be 
dation at high temperatures at atmos obtained best by carrying the conversion 
pheric pressure will result in the forma- up to at least about 50%. 
tion of considerable amounts of aceto- The oxidation step of this invecation 
66 phenone, consequently, the maximum afiords a means of obtaining high yields 130 
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of a,a-dial£ylaryliaeaiyl liydroperosides 
while at the same time minimiziiig the 
fonnatiozL of other reaction products, such 
as the corresponding alcokols. Th.6 par* 
6 ticular type of oxidataon described jnakes 
it possible to maintain- the difference, ..or. 
" spread betw^een total conversion to 
oxygenated products and actual yield of 
hydroperoxide at a Tniuinium. Tbe 
10 maximum spread under tk&least desirable- 
conditions of the. process will uot be 
greater than about 10%, and by- proper 
selection- of conditions tiie spread maj- be 
reduced to 1% or less. It is entirely 
15 possible by tne oxidaiion procedure o-i 
this xuTention to. obtain substantially 
complete conversion to bydroperoside 
proTOct. Tbis h£^ not been possible by 
* previous, oxidation procedure^. -Tbe 
20 latter' generaHy Have used catalysts such 
as ultraviolet figbt qr heavy metal oxida- 
tion catalysts* to increase the rate of 
oxidation and tiic ttftal^ conversion, to 
oxygenated products, but isuah catalysis 
Si have also increased tke amount of decom- 
position of the hydioperosiaes, thereby 
loweriaig the yirald 'of the latter. In 
other words, the spread between total 
conversion and actuathydroperoxide^eld 
80 has been great, and. the reaotion product 
consequently has been unsatisfactory due 
_ . to the existence of considerable amount 
of secondary reaction products. Some-, 
prior processes' also have, "used an aqueous 
36 phase during tbe oxidation to hinder the 
formation of certadn. undesirable reaction 
products such as substituted B'Wrenes, 
which vrould polymerize to wasteful and 
annoying oxidation residues, but such 

40 aqueous ~ phases * decrease the ipate 
of oxidation" and under certain con- 
ditions - cause .-decomposition of iie, 
hydroperoxides. The' oxidation procedure 
of the present invention, being carried out 

41 under anhydrous, non-catalyjiq. condi- 
tions, in^the presence of a peroxidic oxida- 
tion initiator capable of initiating 
a free radical oxidation chain, . and 
vrith intimate Contact of the xom- 

60 pound being oxidized with sufBLcient 
amounts of the oxygen - containing ' 
gas, obviates aU.of the domCidties Mother 
processes in obtaining high hydro- 
peroxide yields to the practical exclusion 

05 of secondary reaction products. It is 
apparent that ^6 very nature qf .the 
oxidation insures its being economical, 
and in addition there is Ho problem' of 
separating the reaction .prodtict frpm a 

60 soHd cataly^ or an additional ; :liquid- 
phase. '-' 
The oxidation according. to this inve^ir. 
tion apparently proceeds by a peroxide 
mechanism. .Using. ' Qumeue as an 

6S exampile, when titis compound, is oxidized 



with molecular oxygen, a hydroperoxide 
is framed on- the teraary carbon atom of 
the isopropyl group.- In the presence of 
the small .amount of peroxidic' initiator 
utilized in accordance with thia invention Z9 
the formation of the hydroperoxide 
on the tertiary carbon of me iso- 
propyl group iis facilitated. very 
small fraction o3E- the p^xidic initiator 
decomposes in the initial' stages of flie 76 
oxidation^ resulting in the formation of 
free, radicals which are sufficient to 
•initiate the formation of hydroperoxide 
molecules from the cximene. Utilization 
of ^ th^ peroxidic initiator during the SO 
oxidation step of the process of this 
invention prevents inhibition and the 
existence of an induction period. 

.In carrying out the decomposition step 
of this invention, several different modi£- 86 
cations of the a,a-dialkylarylmethyl 
hydroperoxides prepared in tiie oxidation 
step may be utilized.. The entire process 
being continuous, the most convenient 
form of the hydroperoxide is that existim^ 9U 
iic-the crude reaction mixture, obtained 
from -the oxidation step.^ In canying out 
the oxidation step the- oxidation usually 
h interrupted before all of the hydro- 
carbon ha& reacted in older to avoid or 9a 
limit .side reactions. In this manner, the 
a.a-dialtylarylmethyl hydroperoxide is 
obtained in mixture wiih smaller or larger 
amounts of the original hydrocarbon, 
which is an a,a-dialkylarylmethane. Such 100 
reaction mixtures may be used per se in 
the decomposition step of *Ae process of 
this invention. The amount of unreacted 
hydrocarbon remaining in the oxidation 
reaction product then will act as at 105 
solvent during the^ decomposition xeaction 
of the hydroperoxide. 
. In the case it is desirable, however, to 
obtain the hydroperoxide in a more con- 
centrated form, the hydroperoxide may be 110 
separated from the other conjtifeents»t)*f''- '**" 
the crude , oxidation^ i«actfon niixture. 
The hyfippefdxides niay be separated 
frpm^lne oxidation reaction mixtures by, 
for exainple, fractional distillation at 115 
very low pressures^ of the order of 0.01 
to 1:0 mm. of mercury, the hydroperoxides 
havinff higher boiling points tiian the 
related hydrocarbon, alcohol and.iiStcEer " 
In some.instances the hydroperoxides also 120 
may be . separated from " the oxidation 
reaction mixtures by. crystallization, 
which may be facilitated, by first distilling 
off at least part of th& hydrocarbon. 
Another\.method of separating the hydro- 125 
peroxide from the oxidation reaction mix- 
ture involves precipitation of the hydro- 
peroxide with a concentrated aqueous 
solution (25 to 40%) of sodium hydroxide. 
The precipitate is crystallinfeV Tl^e pre- 130 
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dpiiate of a,a-dimetliylbeuzyl tydro- 
peroside, for example, analyzes for the 
Bodinm salt of the hydroperoxide asso- 
. ciated with f onr molecules of water. 
B ^ The process of this invention therefore 
is applicable not only to pure or concen- 
trated hydroperoxides but also to mix- 
tures containing^ varying amounts of 
the hydroperoxides, for example, the 
IB crude reaction mixtures obtained in the 
oxidation of the alkyl-substituted 
aromatic organio compounds previoTisly 
described. In addition, either the pure 
or concentrated hydroperoxides or the 
15 crude reaction mixtures containinor the 
hydroperoxides may be dissolved in a 
suitable organic solvent which is inert to 
any of the reactants, products or reaction 
conditions involved in the decomposition 
20 step of the process of this invention. In 
other words, the solvent should be non- 
reactive, xmder the conditions of reaction, 
to the hydroperoxide, the catalyst, and 
any of the phenolic or teutonic reaction 
25 prodncts obtained by the decomposition. 
Exemplary of such solvents are the ali- 
phatic, cycle aliphatic, and aromatic 
hydrocarbons such as pentane, hexane, 
heptane, isooctane, cyclohexane, cyclo- 
30 butane, cycloheptane, benzene, toluene, 
xylene, cumene, and diisopropylbenzene. 
Other operable solvents include alcohols, 
ketones, ethers, esters, and liquid chlori- 
nated hydrocarbons. Examplary of these 
35 are diloroform, carbon tetrachloride, 
ethylidene dichloride, ethylene dichloride, 
methanol, ethanol, propanol, cyclo- 
hexanol, acetone, methyl ethyl ketone, 
dietiiyl ketone, cyclohexanone, methyl 
40 acetate, ethyl acetate, bulyl acetate, 
diethyl ether, ethyl methyl ether, 
dipropyl ether and dibutyl ether. In 
addition, various acidic solvents, such as 
glacial acetic acid, which are inert in the 
45 process but which may exert some cata- 
lytic activity^ may be used. Where such 
an acidic solvent is employed, the amount 
of other catalyst may be reduced. The 
concentration of the solvent and the 
50 dialkylarylm ethyl hydroperoxide in the 
solution to be used durinor the decoraposi- 
tion reaction may be varied very widely. 
The concentration of the hydroperoxide is 
limited, in other words, onlv by the 
U reactivity of the hydroperoxiae auring 
the decomposition, the effectiveness of the 
catalyst, and the temperature and pres- 
sure used. In other words, the concen- 
tration of the hydroperoxide may be 
60 selected so that under the desired reaction 
conditions the conversion takes place at a 
controllable rate to give a satisfactory 
amount of conversion product. 
The decomposition reaction also may be 
66 carried out, as shown in Example 5, in 



the vapor phase. The hydroperoxide may 
be vaporized in the presence or absence 
of a volatile solvent, and brought into 
intimate contact with the catalyst and the 
decomposition^ will readily occur. The ™ 
vapor process is advantageous in pisA the 
phenol product can be vaporized immedi- 
ately from the reaction zone, but it is 
important in such a process that^the pro- 
duct not to be permitted to remain in the To 
reaction zone for a long* period of time 
since this will result in the fonnation of 
undesirable by-products. 

In all instajices, whether the decompo- 
sition reaction be carried out in the vapor 80 
or liquid phase, the reaction medium 
should be substantially anhydrous since 
the presence of water inhibits, and in 
many instances completely baits the 
reaction. The amount of water which can 85 
be tolerated in any particular instance 
will depend on the reactivity of the 
hydroperoxide, the activity and amount 
of the catalyst, and the temperature and 
pressure during the reaction. An amount 80 
of water up to about 10% based on the 
weight of the total reaction mixture may 
be tolerated under optimnm conditions 
involving high temperature, low pressure 
and the use of a highly reactive catalyst. 95 
However, the amount of water in the reac- 
tion mixture ordinarily should not be 
more than about 5%. Less than about 
2% is preferable, and for optimum results 
water should be completdy ^ absent. 100 
Removal of water from the reaction mix- 
ture during the reaction may be facili- 
tated, as shown by some of the examples, 
by usin^ reduced pressure. The water 
also may be removed by addition of a dry- ^05 
in^ agent, such as calcium chloride, 
calcium sulfate and calcium oxide, to the 
reaction mixture, or by blowing a dry gas, 
such as air or nitrogen, through the reao- 
tion mixture. ^ ^ HO 

In the decomposition step of the process 
of this invention the catalysts which may 
be used for decomposing the a,a-dialkyl- 
arylmethyl hydroperoxide to a phenorin 
non-aqueous medium are (besides those 116 
shown in the above examples and consist- 
iui? of montmorillonite, anhydrous ferric 
chloride, acid treated bentonite, boron 
trifluoride) kaolinite (Peerless clay), 
vermiculite, silica gel, kaolin, fuIlCT*s 120 
earth, diatomaceons earth, halloysite, 
phosphoric acid on alumina, titmium 
oxide, phosphorus trichloride, phosphorus 
pentachloride, phosphorus oxychloride 
and phosphorus pentoxide; furliermore 125 
basic oxides such as alumina; Friedel- 
CJrafts catalysts such as aluminium 
chloride, zinc chloride, stannic chloride 
and magnesSum chloride, all of which 
may be supiwrted on carriers which them- 180 
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selTes iaay Earve Catalytic acHTity; sTif- 
fe^e actiTe sobstaaces snch as the silicates, 
silica ffel Meselgnlir, liyrosilicates, ajid 
bfinxite, ptosplioric acid on fnller's edrtli 
^ or silica; iuoroaiiie acids, for example, 
hydrogen chloride and organic ?ieidsj for 
example, picric acid, chlorine STihstitnted 
acetic acids,:- namely, trichloroacetic 
m dichlo'roacetic acid and chloro acetic 
acid, and also acid treated *clay. 

The conefentration of the catalyst 'based 
on the hydrdp^oxide will depend on the 
reactivity of the catalyst, the' tempera- 
^P'&of reaction and the- desired reaction 
lo time^. The'conofetttration^may he vaxie'd 
widely, ia other words, hut generfiUy- inay 
he from about 0,01%' to abaiit 200 % ; A 
preferable- Catalyst coneentratitm on this 
basis is from, about -1% to about 20% 
and a particularly applicable* aiiiount in 
most instances -is about 5%; La the case 
of those catalysts wherein it is possibl¥^1;o 
calculate their molar concentrations rela- 
tive to the hydxopferoside, the range of 
Zm; catalyst concentration may be ferpressed 
as from about O.OI mole per cent to about 
200 mole per -cent- -based on the hydro- 
peroxide, a preferable rfin^e on this^basis 
bem^ from about 1% to ab6tft*lQ%. In' 
30. continuous operatioii the ratio of catalyst 
to hydroperoxide at any particular infftent 
may be as high as^ lj}0 to 1,-depending 
m)on the design pf theTeactOr, the size of - 
the^ catalyst particles; and tiie rate of "flow 
85 of hydrop'eroxide over the* catalyst" 
bed. As shown by the examples,- the 
catalyst may be utilized ia the" reaction 
either per se or dissolved or rafipended in 
a- suitable* solvent.-' ParticTilarfy ili tho 
40 case of those- catalyste - which are solids 
and- therefore used as -suspension in a so^ 
-v ent it is desirable tiiat efficient agita- 
tion b© utilized in order to' brinEH;h& 
hydroperoxide into dose contact' wi-fli the 
45 catalyst. Such agitation may be Stained 
through use of meabauical stirrers'^r 'by 
passing a stream of a gas^ ' such as air 
through the reaction - mistare.' The^ 
activity of the catalyst inoreas'es mth -its 
50 acidity. 'In general, the more acid the 
cataly^, * flie more- rapid will be lia 
decomposition' reaction; but -bamc -cata-i 
lysts may be quite effective. " r * 
The temperature which may b© used 
65 during th© decomposition feacrtion may be 
varied widely^ depending upon',' maaily, 
the -activity of the -catalyst. Some, of the 
catalysts which are 'operabl© in acc^ir- 
dance with the process'of this -invention 
60 are not extremely reaetiv© at rdktivdy 
low tempCTature&, for example, 20" C. to 
50' 0,, out are operable at higher "tem- 
peratures, -for example, 100**^- O. ' The 
temperatiire at which the reaction is car- 
65 xied out "therefor© will depend upon th^ 



purticular catalyst irtilized. 'However, 
generally • speaTn'-ng, " the decomposition 
reaction may be effected civer a tempera-? 
tur© range of about --80'* 0. to about 
400'' C. A prrferaT)le temperature range 7 
within which the reaction may be carried 
out in liquid phase is about 0** C. to about 
200" C, and a 'particularly applicable 
temperature for a liquid phase system and 
a relatively efficient catalyst is about ' 
20° C. When the decomposition reaction 
is carried out in the vapor phase a p(re=- 
ferable temperature range is about' 150° 
to about 350° G. ' * " 

Most 'of the examples have' shown the ^ 
decomposition' reaction as being carried out 
at atmosplterTc pressure but some of i3ie 
examples £ave shown tiie use of reduced 
pressure. It has'be^ fouiid that in some 
instances the fate of reaction is increased 8 
by carrying out th© decomposition under 
reduced pressure since this helps to reinoTe 
any trace of water which may exist in tbe 
reactante di' which may be formed during 
the reaction itedf.— It is obvious, c2 tW 
course, that the reaction aliso m!ay b©' 
carried out under pressures greater than" 
atmospheric. A broad range of pressure 
conditions is possible in effecting' the 
decomposition reaction, but from the 
standpoint of practicability, the reaction 
preferably ia cairied out eitiber at atmos^ 
' phenc or sli^tly less than atmospheric 
pressure. " • ' 

. -^^^ continuous process of this invention 1( 
is advantageous in its sim^ilicity.' TTsin"' 
cumen© as an example, tie cxmiene is con- 
tinuously oxidized, a portion of the oxida- 
tion reaction mixture, containing Q.,i^ 
dimethylbenzyl hydroperoxid©, constantly IC 
withdrawn and transferred to the decom- 
position unit wherein the hydroperoxide 
IS decomposed immediately, and' the 
pJienol and acetone reaction products* and 
unreacted cumene^ - are' - Tecover ed, the H 
mireaeted bumene then beiaig fed bad: to 
the oxidation unit to make up' part of tiie 
wmene. feed. OSie cumene recovered 
J ^®^o™Position reaction mixture 
is freed- jl. any contaminating phenol U 
before being-'recycrled to th© oxidation 
raut, this inay be accomplished as' 
showTi by the examples, eith^by efficient 
factional distillation or by cKemical 

Budi as ^shin^ out the phenol IS 
a dilute aqueous caustic alkali solu- 
tion.. The traces of phenol also mavbe - ' 
removed from the recycle cumenebv 
precipitation with liquid ammonia. ' 

One outstanding advantage of th© pre- IS 
sent process over other processes fox the 
production of phenol lies in the fact that 
It IS earned put' under substantially 
anhydrous conditions. This is in direol^ 
eontrast to tto ^aqnams eysfiems wJucB ]3 
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necessarily must be used wlien plienol is 
obtained by tbe hydrolysis of, for 
example, cblorobeazeoie or benzene 
sulfonate. In tbose processes involving 
5 ffttch a bydrolysis, tke aqueous phase 
necessarily is contaminated with phenol 
and there therefore exists a large problem 
in plants operating- such processes for the 
disposal of the phenol-contaminated waste 

10 water, since the presence of phenol m 
water generally is undesirable, as when 
the water later may be utilized for drink- 
ing pnrposes. 

The process in accordance with this 

11 invention represents a more economical 
and efficient means for obtaining not only 
phenol itself but also other phenolic com- 
pounds such as 7?-cresol and hydroqninone. 
The latter two compounds are, of course, 

20 obtained by the decomposition of a,a- 
dimethyl-3i?-methylbenzyl hydroperoxide 
and o, a, a*, a'-te"fapamethyl-2?sxyly lene di- 
hydroperoxide, respectively. Due to the 
simple nature of the process, the latter 

26 will be found particularly applicable io 
small scale installations and will uot 
require the vast outlay of capital and 
equipment required by previous pro- 
cesses. 

80 Reference is- made to British Patent 
Specification ISTo. 626,095 which was not 
published before the date of this applica- 
tion wherein the oxidation is earned out 
in the absence of an added free radical 

SI 'liberating initiator and the decomposition 
is effected by means of acid. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manneir the same is to 

40 be performed we declare tiiat what we 
claim is: — 

1. The process o£ preparing a phenol 
from an alkyl-substitnted aromatic com- 
pound of the formula 

f 

46 Ar— C— H 
I 

in which Rj and R3 represent alkyl groups 
and Ar represents an aryl or alkaryl group 
which comprises adding a peroxidic free- 
radical liberating initiator to said organic 
M compound, contacting the mixture in the 
liquid phase under smhydrous conditions 
with a molecular oxygen containing gas 
to obtain an organic hydroperoxide, con- 



tacting the hydroperoxide containing 
reaction mixture under substantially 55 
anhydrous conditions with a decomposi- 
tion agent as hereinbefore denned, 
separating in the known manner as here- 
inbefore defined the aliphatic ketone, 
phenol and unreacted aflry^l-substituted 60 
aromatic compound, purifying said 
unreacted aromatic compound and recycl- 
ing the purified compound to the oxida- 
tion stage. 

2. Process according to claim 1, in 68 
which air or oxygen is used as the oxygen- 
containing gas. 

3. Process according to claim 1 or 2, in 
which the decomposition of the hydro- 
peroxide is carried out under a pressure C0 
less than atmospheric. 

4. Process according to claim 1, 2 or 3 
in which the catalyst is an organic acid 
catalyst. 

5.. Process according to claim 1, 2 or 3, 7f 
in which the catalyst is an acid-treated 
claj. 

6. Process according to any of the pre- 
ceding claims, which comprises the pre- 
paration of phenol from cumene. ^ 80 

7. Process according to^ claim 6, in 
which the initiator is a,a-dimethylbenzyl 
hydroperoxide. 

8. Process according to any of claims 

1 — 5 which comprises the preparation of 85 
p-cresol from 2>-cymene. 

9. Process according- to claim 10, in 
which the initiator is a,o-dimethyl-^ 
methylbenzyl hydroperoxide. 

10. Process according to any of claims BO 
1 — 5, which comprises the preparation of 
hydroquinone from ^diisopropylbenzene. 

11. Process according to claim 10, in 
which the initiator is a,a-dimethyI-27- 
isopropylbenzyl hydroperoxide. 95 

12. Process according: to any of the pre- 
ceding claims, in which an aliphatic 
ketone is added to the reaction mixture. 

13. The process of preparing a phenol 
from an alkyl-substikited aromaticlOO 
organic compound, substantially as des- 
cribed with refeience tto the xoregcingi 
examples. 

Dated this 16th day of December, 1948. 

HASELTINE, LAKE & CO., 
28, Southampton Buildings, London, 
England, 
and 

19—25, West 44th Street, Hfew York, 
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